ABSTRACT: Distribution patterns of epibenthic assemblages, sea urchins and fishes were assessed in NE Sardinia (Mediterranean Sea) in shallow (4 to 7 m depth) rocky habitats with 2 rock-type substrates, i.e. limestone and granite, to examine possible differences related to the mineralogical composition of rocks. Sessile organisms and sea urchins were sampled in situ within quadrats. Fishes were assessed by visual census transects. Sessile epibenthic assemblages significantly differed between granite and limestone substrates, and the number of epibenthic sessile taxa was greater on limestone. Average cover of the algae mat (unidentified mixture of filamentous and mucilaginous algae) was significantly greater on granite than limestone, while no significant differences were detected in total cover or in the average cover of the remaining most common epibenthic taxa. Densities of sea urchins (i.e. Paracentrotus lividus and Arbacia lixula) did not differ between the 2 rock types. Fish assemblages were significantly different between granite and limestone rock substrates. Labrids of the genus Symphodus and Serranus scriba were more abundant on granite, whereas Serranus cabrilla, Parablennius rouxi, Gobius bucchichi and Thalassoma pavo showed greater densities on limestone. Sarpa salpa (the most important herbivorous fish in the Mediterranean sublittoral) did not show any significant difference between granite and limestone substrates. These results suggest that rock type may have the potential to influence marine assemblages, probably through direct effects on epibenthic organisms (e.g. the presence of quartz and substrate texture, both related to the mineralogical features of rocks), and indirect effects on fishes (e.g. the influence of the structure of the epibenthic cover). These results suggest a possible role of the mineralogical composition of rocks in 'bottom-up' processes influencing marine assemblages in shallow sublittoral rocky habitats in the Mediterranean, where direct effects on sessile organisms (e.g. macroalgae) may cascade up through the entire community and affect higher trophic levels (e.g. carnivorous fishes). However, extensive experimental work is needed before drawing any conclusion about the specific processes determining the patterns we observed. 
INTRODUCTION
Many authors have provided evidence that assemblages of marine benthic organisms and fishes associated with subtidal rocky substrates are characterised by an intrinsic variability in their patterns of distribution due to changes in abiotic factors (e.g. wave action, water temperature, salinity, habitat complexity), biological processes (e.g. recruitment, predation and competition), and their interplay (Paine & Levin 1981 , Dayton 1984 , Sousa 1984 , Menge & Southerland 1987 , Barry & Dayton 1991 , Levin 1993 , Horne & Schneider 1995 , Bianchi 1997 , Smith & Witman 1999 , BenedettiCecchi et al. 2000 , Wellenreuther & Connell 2002 . The importance of substrate complexity, surface texture and physico-chemical properties of rocks upon the composition and structure of epibenthic and/or fish communities has long been recognised (Den Hartog 1972 , Luckhurst & Luckhurst 1978 , Caffey 1982 , Roberts & Ormond 1987 , Raimondi 1988 , Bourget et al. 1994 , Connell & Glasby 1999 , Angel & Ojeda 2001 . Little attention, however, has been paid to the biological effects of mineralogical features of substrates (Cerrano et al. 1998 , Sousa 2001 . Most of the available information about the effects of mineralogical features of rocks on sessile benthos chiefly concerns endolithic organisms (e.g. clionid sponges and bivalves), whose boring activity is known to be widespread in substrates rich in carbonates, and to be hampered, for instance, by the presence of quartz (Bavestrello et al. 2000 and references therein). Recently, mineralogical features of substrates have been observed to influence infaunal colonisation in marine soft bottoms (Cerrano et al. 1998) , hydroid settlement and epibenthic community structure in marine sublittoral rocky substrates (Bavestrello et al. 2000) , bacterial activity in marine sediments (Manini & Luna 2003) , distribution patterns of vermetid molluscs (Schiaparelli et al. 2003) , settlement of barnacle larvae (Faimali et al. 2004 ), case-building in freshwater Trichoptera (Gaino et al. 2002) , and larval development in freshwater fishes (Maradonna et al. 2003) . All these studies suggest that the mineralogical composition of rocky and soft substrates could have a greater influence than previously thought. Cerrano et al. (1998) thus introduced the term 'biomineralogy' to indicate the wide array of possible interrelationships between biological systems at different hierarchies (cell, organism, species, community) and the mineralogical composition of substrates.
Many studies have focused on top-down processes and their potential in controlling community structure on subtidal rocky substrates in temperate regions (Witman & Dayton 2001 and references therein). Although no experimental evidence has yet been provided to describe the specific mechanisms through which rock type may affect marine organisms (e.g. composition, texture, microtopography, epibiotic cover), there is an increasing body of evidence suggesting that mineralogical features of rocks could affect marine assemblages both directly (e.g. sessile epibenthos: Bavestrello et al. 2000 and indirectly (e.g. fish: Guidetti & CattaneoVietti 2002) . This could imply that rock type effects on epibenthic assemblages have the potential to cascade upwards through the entire community, influencing (for instance) sea urchins and fishes (including the main predators of sea urchins in the Mediterranean Sea: Sala et al. 1998a) . Mineralogical features of rocks could thus affect the structure of hard-substrate communities from primary producers (i.e. macroalgae) to consumers (sea urchins and fishes), and therefore interact with top-down processes; yet no studies have simultaneously taken into account sessile epibenthos, sea urchins and fishes in temperate rocky substrates, and evaluated possible differences related to the mineralogical composition of rocks.
The purpose of this study, therefore, is to assess whether the mineralogical composition of rocks (i.e. granite versus limestone) may have the potential to influence distribution patterns of epibenthic sessile assemblages, sea urchins and fishes associated with shallow sublittoral rocky substrates in the western Mediterranean.
MATERIALS AND METHODS
Study area and sampling design. Visual assessments of sessile epibenthic assemblages, sea urchins and fishes were performed in June 2001 on rocky substrates at about 4 to 7 m depth in NE Sardinia (Mediterranean Sea, Italy; Fig. 1 ). The highly indented stretch of coast investigated in the present study encompasses tens of kilometres, and is mostly comprised of granite rocks, with the exceptions of Capo Figari Promontory and Tavolara Island, both of which consist of gigantic limestone-dolomite slabs (Navone et al. 1992 ; Fig. 1 ). We selected 4 locations about 2 to 5 km apart, 2 on granite (Molara and Capo Ceraso) and 2 on limestone (Capo Figari and Tavolara) (Fig. 1) . At each location, 3 sites a few hundreds of metres apart, were randomly chosen.
Sampling procedures. Environmental features such as wave exposure, slope, rugosity and presence of boulders are known to influence the distribution patterns of epibenthos, sea urchins and fishes (BenedettiCecchi & Cinelli 1995 , Glasby 2000 , García-Charton & Perez-Ruzafa 2001 . The random selection of sites allowed us to sample exposed and sheltered sites at each granite and limestone location. To avoid any possible confounding (see Underwood 1997) between putative effects of mineralogical rock types and the above-mentioned environmental features, slope, rugosity and presence of boulders were also quantified. Slope was measured by a hand-held clinometer with a precision of 5°. We made 6 random readings at each of the 3 sites within each of the 4 locations. Rugosity was estimated as the ratio (L/l) between real length (L) measured with a chain contoured over the bottom, and the linear distance (l) between the chain's endpoints (Garcia-Charton & Pérez-Ruzafa 2001 and references therein); 20 replicate measurements were made at each site. Rocky boulders (sensu Garcia-Charton & Pérez-Ruzafa 1998 , 2001 , were counted and classified according to major length, ML (i.e. the longest rock face) as small (ML ≤ 1 m), medium (1 m < ML ≤ 2 m) and large (ML > 2 m).
Subtidal sessile epibenthos was visually recorded within 6 randomly placed quadrats at each site. Quadrats were 0.25 m 2 in surface area, and were divided into 25 equal squares 10 × 10 cm. The percent substrate cover of conspicuous organisms was quantified by scoring each individual taxon in each square as follows: 0 = absence, 1 = ~25% cover, 2 = ~50% cover, 3 = ~75% cover and 4 = virtually the whole square. Organisms filling less than 25% of a square were given an arbitrary value of 0.5. Scores for all 25 small squares were then summed, and the final values expressed as percentages (Fraschetti et al. 2001 and references therein) . Conspicuous organisms were recorded in the field, and identified to species whenever possible, with collection of voucher specimens for later identification confined to a few doubtful cases.
Sea urchin abundance was assessed by counting all individuals larger than 1 cm in diameter (test without spines; Sala & Zabala 1996) , thus keeping species distinct. Counts were made within strip transects roped off into 10 adjacent 1 m 2 quadrats. A whole transect (10 × 1 m) comprised a basic sampling unit, and 3 replicate transects were randomly placed at each of the 3 sites within each of the 4 locations.
Fish assemblages were assessed along 25 m long × 5 m wide transects (Harmelin-Vivien et al. 1985) . We randomly placed 5 replicate transects (spaced tens to hundreds of metres from each other) at each of the 3 sites within each of the 4 locations. The transect technique was selected as the most appropriate method for accurately recording smaller specimens and fastswimming species. Density of fishes was estimated by counting single specimens to a maximum of 10 individuals of each species encountered, while abundance classes (11 to 30, 31 to 50, 51 to 100, 101 to 200, 201 to 500 individuals) were used for more abundant species.
Data treatment. Epibenthic and fish assemblage structures were analysed by multivariate techniques using the PRIMER software package (Plymouth Marine Laboratory, UK; Clarke & Warwick 1994) . Data on epibenthic cover and fish density were appropriately transformed (square-root and log-transformation, for epibenthos and fishes, respectively) to reduce the in- fluence of abundant taxa in the analyses. The BrayCurtis similarity matrix was used to generate 2D nonmetric multidimensional scaling (nMDS) (Clarke 1993) . A 2-way nested analysis of similarity (ANOSIM; Clarke 1993) was first used to examine differences among sites and among locations in order to detect at which spatial scale epibenthos and fish assemblages were most variable. As differences at the spatial scale of sites within locations were significant, but lower than those among locations for both epibenthos and fish assemblages (see 'Results'), data from each site within each location were used as replicates in order to perform an ANOSIM test for differences in relation to mineralogical rock types and over the scale of locations. The similarity percentages procedure (SIMPER: Clarke 1993) was employed to identify the major epibenthic and fish taxa contributing to the differences between the 2 mineralogical rock types.
Analysis of variance (ANOVA) was used to assess putative differences in the variables under investigation (listed below) between rock types (granite versus limestone: Gr vs Lim), among locations within rock type, and among sites within location. Rock type (Gr vs Lim) was considered as a fixed factor, Location (L) was nested within Rock type, and Site (S) was randomly nested within Location. ANOVA was used to analyse (1) environmental features: slope, rugosity, number of boulders of different size; (2) sessile epibenthos: number of taxa, total cover, and cover of the most representative taxa, arbitrarily selected as those contributing more than 3% to the dissimilarity between the 2 mineralogical rock types (based on the SIMPER procedure); (3) sea urchins: density of each individual species; (4) fishes: number of taxa, total density, and density of the most representative fish taxa (following the same criteria as those used for selecting representative taxa of the epibenthos).
Prior to analyses, the homogeneity of variances was tested by Cochran's C-test and, whenever necessary, data were appropriately transformed. Whenever transformations did not produce homogeneous variances, ANOVA was used, however, after setting α = 0.01 to compensate for the increased likelihood of Type I error. SNK tests were run when analyses detected significant differences (Underwood 1997) .
RESULTS

Environmental features
ANOVAs performed on environmental features showed that slope, rugosity and number of boulders of the 3 size categories (small, medium and large; see 'Materials and methods') did not vary significantly between granite and limestone substrates, or at the spatial scale of locations. Significant differences were only detected in slope and in the number of small and medium boulders at the spatial scale of sites within location (Table 1 ). This implies that the abovementioned environmental features potentially generate variability in the biological variables measured at the spatial scale of sites. The comparison between rock types was not affected by any confounding effect.
Epibenthic sessile assemblages
We identified 47 taxa (21 of which were algae) at the 4 locations examined. 'Algal mat' was used to define an unidentified mixture of filamentous and mucilaginous algae, possibly a seasonal feature. Sessile animals were mainly represented by sponges (11 taxa) and bryozoans (6), followed by molluscs (3), tubicolous polychaetes (3), and by cnidarians (1), barnacles (1) and ascidians (1).
The nMDs plot of the epibenthic assemblages shows a clear-cut separation between the centroids of each series of replicates from each granite and limestone site ( Fig. 2A ). In addition, epibenthic assemblages from granite were tightly grouped, whereas those from 60 Table 1 . Summaries of ANOVAs on environmental features (substrate slope, rugosity and number of boulders of different size) testing for differences between rock types, Granite (Gr) versus Limestone (Lim), and over spatial scales of locations (L) and sites (S). ns: not significant; *: p < 0.05 limestone were dispersed, suggesting that epibenthic assemblages on granite are more homogenous than those on limestone. A 2-way nested ANOSIM showed that epibenthic sessile assemblages varied significantly among locations and among sites within locations. Dissimilarity among locations was greater than that among sites (Table 2) . Pairwise comparisons among the 4 locations revealed that the smallest dissimilarities occurred between locations characterised by the same mineralogical rock type. However, none of the values for the pairwise comparisons of the 4 locations was significant, probably due to the low number of possible permutations (n = 10) in the analyses.
A 2-way nested ANOSIM testing for differences between the 2 mineralogical rock types and among locations showed that neither factor was significant (rock type: R = 1, p = 0.33; location: R = 0.37, p = 0.07). It is worth noting, nevertheless, that the dissimilarity between rock types was far greater than that among locations. The lack of statistical significance for such a clear-cut difference between rock types is due to the fact that ANOSIM testing for dissimilarity between rock types had only 3 possible permutations.
SIMPER showed that 20 taxa individually contributed to more than 3% of the dissimilarity between the 2 rock types, with 8 taxa showing larger cover values on granite and 12 with larger values on limestone (Table 3) .
ANOVA showed that the number of taxa (Fig. 3A ) was slightly, but significantly, greater on limestone than on granite. Significant variability was also observed at the spatial scale of sites, but not at the scale of locations within each rock type (Table 4) . Total cover (Fig. 3B) was not significantly different between the 2 rock types (Table 4) , nor did it vary at the scale of locations, while significant variability was detected at the scale of sites. In addition, ANOVAs performed on individual taxa showed that only algal mat cover was significantly different between the 2 rock types, being greater on granite than on limestone. The remaining epibenthic taxa mainly varied at the scale of sites, and did not display any significant difference between granite and limestone. Only Lithophyllum incrustans showed a significant variability at the spatial scale of locations (Table 4).   61   Table 2 . Results of 2-way nested ANOSIM testing for differences in sessile benthic assemblages among locations and sites (location codes as in Fig. 1 
Sea urchins
We found 2 species of sea urchins, Paracentrotus lividus and Arbacia lixula, at the 4 locations investigated.
ANOVAs on densities of these 2 species (Fig. 4) did not reveal any significant difference related to mineralogical rock type. Also, no difference was detected between locations within each rock type, whereas significant variability was observed at the scale of sites within locations (Table 5) .
Fish assemblages
We recorded 38 fish taxa at the 4 sampling locations. The more speciose families were labrids (12 species, most belonging to the genus Symphodus) and sparids (7 species).
The nMDS plot of fish assemblages (Fig. 2B) shows that the centroids of each series of replicates from the granite sites were separated from those from limestone sites, as observed for the epibenthos. Fish assemblages from granite sites appeared again to be more homogeneous than those from limestone sites, but the differences in dispersion among granite and limestone sites was less pronounced than those for the epibenthic assemblages.
A 2-way nested ANOSIM showed that differences in fish assemblage structures were greater among locations than among sites within locations (Table 6 ). Pairwise comparisons showed that the values of dissimilarity between locations with the same mineralogical rock type were lower than those observed comparing granite versus limestone locations (Table 6 ). The fact that none of the pairwise tests was significant is again attributable to the low number of permutations possible (n = 10). A 2-way nested ANOSIM was then performed to test for differences in fish assemblages between the 2 mineralogical rock types and among locations. The global R value of dissimilarity between rock types was greater than that among locations (R = 1.0, p = 0.33 vs R = 0.54, p = 0.01), but only the latter was significant. Similar to epibenthic assemblages, the non-significant result for the factor 'rock type' is due to the fact that this test had only 3 possible permutations. SIMPER revealed that 16 fish taxa individually contributed more than 3% to the dissimilarity between the 2 mineralogical rock types: 10 taxa were more abundant on limestone and 6 were more abundant on granite (Table 7 ). All labrids belonging to the genus Symphodus were more abundant on granite than on limestone, and cumulatively contributed more than 22% to the dissimilarity between fish assemblages on the 2 rock types. Conversely, Oblada melanura, Apogon imberbis and Chromis chromis were chiefly associated with limestone, and accounted for more than 20% of the dissimilarity between limestone and granite ( Table 7) .
The number of fish taxa (Fig. 5A ) did not differ significantly between the 2 mineralogical rock types, or between the 2 spatial scales examined (i.e. among locations within rock type, or among sites within locations). Total fish density (Fig. 5B) did not vary between mineralogical rock types or among sites, but showed a significant variability at the scale of locations (Table 8) .
Symphodus melanocercus, S. roissali, S. mediterraneus, and Serranus scriba were significantly more abundant on granite than on limestone. Parablennius rouxi, Serranus cabrilla, Thalassoma pavo and Gobius bucchichi, conversely, showed a significantly greater density on limestone than on granite. The remaining fish taxa did not display any significant difference related to the mineralogical rock type (Table 8) .
DISCUSSION
The present study has provided evidence of differences in the structure of shallow Mediterranean epibenthic and fish assemblages associated with sublittoral hard substrates constituted by different mineralogical rock types, granite and limestone.
Exposure to wave action was equal at both granite and limestone sampling sites, and macro-topographic features such as slope, rugosity and presence of boulders of different size did not differ between the granite and limestone substrates. We can therefore exclude any significant confounding effect (sensu Underwood 1997) due to such environmental features.
Multivariate analyses showed similar patterns for both epibenthic and fish assemblages, providing evidence of clear-cut differences related to the mineralog-63 Table 6 . Results of 2-way nested ANOSIM testing for differences in fish assemblage structures among locations and sites (location codes as in Fig. 1 ) at each granite (grey bars) and limestone (white bars) sampling site (site codes as in Fig. 1) ical type of rock. A greater similarity was detected within assemblages associated with granite, particularly for the sessile epibenthos. Nevertheless, we have no indication as to which mechanisms underlie the greater heterogeneity observed on limestone, an issue that deserves further investigation.
As far as the sessile epibenthos is concerned, univariate tests detected statistically significant difference only in the cover of the algal mat. The cover of most epibenthic taxa varied greatly at the scale of sites, and this probably obscured any slight difference in cover between the 2 rock types. However, all these small differences (together with the significant difference in the cover of the algae mat) cumulated in the multivariate analyses, and are likely to have caused the clear-cut difference between granite and limestone in the overall epibenthic assemblages. Also, specific univariate tests for the main effect of rock type had a low number of degrees of freedom, which negatively influenced the power of the tests, and thus lessened the possibility of detecting a significant response in some variables.
Many of the algae species that (on the whole) had slightly (but not significantly) greater cover on granite were fully photophilic (e.g. Padina pavonica, Stypocaulon scoparium and Acetabularia acetabulum), while those on limestone were more sciaphilic (e.g. Halimeda tuna, Flabellia petiolata and Peyssonnelia spp.; see Boudouresque 1984) . Since there was no difference in depth, slope and rugosity between the 2 rock types, the hypothesis of differences in light availability does not seem tenable. Substrate microrelief, however, may create different conditions of illumination at the microscale (e.g. mm to cm), potentially influencing the structure of sessile epibenthic assemblages, especially during the initial phases of development (Bianchi 1979) . Microrelief is a consequence of surface texture and hardness of rocky substrates which, in turn, depend on their mineralogical composition. The different intrinsic hardness of the 2 rock types (higher in granite than limestone), together with possible differences in sedimentation rates, could further contribute to the observed differences in epibenthic assemblages.
Our data revealed different epibenthic assemblages with a lower species richness and a greater algal mat cover on granite than on limestone. Airoldi (2000) observed that, in subtidal rocky habitats, mats of filamentous algae have a competitive advantage over erect and encrusting algae under conditions of stress. The epibenthic assemblages we found on granite were poorer (in terms of species richness) than those growing on limestone. Although our data do not allow us to relate the patterns observed with any causal process, these outcomes are consistent with the hypothesis that the high content of quartz in granite rocks may exert some physiological stress on the development of marine epibenthic assemblages (Bavestrello et al. 2000) . In this connection, quartz has been proved to have clear negative biological effects, mainly on animals that colonise sand, probably due both to the oxidant properties of its crystal surface, which generates silicon-based radicals, and the formation of OH radicals in the surrounding water (see Cerrano et al. 1998 and references therein).
The sea urchins Paracentrotus lividus and Arbacia lixula are the most common echinoids on shallow subtidal rocky habitats in the Mediterranean, and are considered key species modifying assemblages of macroalgae (Benedetti-Cecchi et al. 1998 , Sala et al. 1998a , Bulleri et al. 1999 , Boudouresque & Verlaque 2001 . In this respect, records of sublittoral sessile assemblages persisting in an early developmental phase have been frequently interpreted as a consequence of overgrazing by sea urchins (Navone et al. 1992 , Balduzzi et al. 1996 , Boudouresque & Verlaque 2001 . In our study, sea urchins did not show any significant difference in distribution patterns related to the 2 rock types. They showed a marked heterogeneity at a comparatively small spatial scale, as reported for other areas of the Mediterranean Sea (Guidetti et al. 2003 and references therein) . This indicates that the variability in the distribution of sea urchins in the study area is attributable to factors other than mineralogical rock type, and that habitat heterogeneity (e.g. in terms of availability of shelters) could exert a role (Benedetti-64 Cecchi & Cinelli 1995 , Sala & Zabala 1996 . We observed, in fact, that the number and size of boulders varied at the scale of sites within locations, and this is likely to have influenced the distribution patterns of sea urchins at that specific scale. Our results suggest that substrate mineralogy does not affect the distribution patterns of sea urchins. However, as we did not estimate grazing rates experimentally, we cannot exclude a possible role of sea urchin grazing interacting with substrate mineralogy and, therefore, affecting epibenthic assemblages on granite or limestone substrates.
For the fish fauna we observed that whole assemblages and the average density of several fish taxa displayed significant differences between granite and limestone substrates. The fish species chiefly associated with granite were Serranus scriba and labrids belonging to the genus Symphodus, while Serranus cabrilla, Thalassoma pavo and some cryptobenthic fishes were more abundant on limestone. However, the density of Sarpa salpa (the most important herbivorous fish in the Mediterranean sublittoral, and potentially capable of affecting the structure of benthic algal assemblages) did not differ between granite and limestone substrates.
Although this study only provides evidence of differences in their distribution patterns, we can plausibly hypothesise that fishes could be affected by mineralogical rock type in different ways than those potentially affecting epibenthic organisms. Guidetti & CattaneoVietti (2002) suggested that substrate colour could account for differences in the distribution patterns of some small site-attached fishes associated with granite or limestone rocks. In the present study, the greater abundance of Serranus cabrilla, Parablennius rouxi and Gobius bucchichi (i.e. benthic and light-coloured fishes) on limestone (lighter in colour than granite) could merely be related to the camouflage behaviour of these species (Tortonese 1975 , Guidetti & CattaneoVietti 2002 . P. rouxi, in particular, is a small blennid fish that, when disturbed, has often been observed to use empty holes made by the rock-boring date mussel Lithophaga lithophaga as hiding places. Date mussels are exclusively present in carbonatic substrates (these molluscs are able to dissolve these rocks by an acid secretion), so that the specific microhabitat provided by their empty holes is absent from granite substrates. This could explain the far greater abundance of P. rouxi on limestone than on granite. The distribution patterns of labrids of the genus Symphodus are known to be influenced by the characteristics of the sessile benthic cover (mainly macroalgae) that provides them with shelter and hosts small mobile invertebrates upon which these fishes feed (Garcia-Rubies & Macpherson 1995 , Ruitton et al. 2000 , Letourneur et al. 2003 . Many epibenthic organisms (chiefly macroalgae and 3-dimensionally structured animals) may, in fact, act as foundation species (Bruno et al. 2003) , shaping the submarine seascape and generating habitats for associated mobile invertebrates and fish (Turner et al. 1999 , Chemello & Milazzo 2002 . Although there is no univocal opinion about the relationships between sessile epibiota and mobile animals (Chapman 2003) , several studies in the Mediterranean Sea have indicated that 'biological conditioning' of the substrate by the epibiota may greatly influence associated mobile invertebrates (Abbiati et al. 1987 , 1991 , Sardá 1991 , Simboura et al. 1995 , Chemello & Milazzo 2002 . This hypothesis, in our specific context, is obviously only speculative, but it would seem plausible that the different epibenthic assemblages observed on granite and limestone may provide different structure, and host different mobile invertebrate faunas, thus influencing the distribution patterns of associated mesocarnivorous fishes such as Symphodus spp. (Bell & Harmelin-Vivien 1983) .
Unlike labrids of the genus Symphodus, Thalassoma pavo was more abundant on limestone. Although there is not yet sufficient evidence to fully understand the main factors affecting the distribution of this fish over a local scale (but see , there is growing evidence that this labrid, as other similar fish species, could be affected by the availability and type of epibenthic cover (Guidetti et al. in press) .
Although ANOVAs detected no significant differences in the average densities of Oblada melanura, Apogon imberbis and Chromis chromis, these 3 species (which were slightly more abundant at the limestone sampling sites) contributed significantly to the differences between the fish assemblages on granite and limestone (see results of SIMPER analyses in Table 7 ). Considering that such species require temporary (O. melanura and C. chromis) or permanent (A. imberbis) cavitary shelters (Tortonese 1975 , Ruitton et al. 2000 , Bussotti et al. 2003 , these results could indicate that the method we used for evaluating substrate rugosity probably failed to assess possible differences in the availability of cavitary habitats, which could differ in the 2 rocky substrates studied; this will require major consideration in future studies.
The patterns of distribution we observed for the 2 rock types can provide indications as to how mineralogy may affect a whole community associated with shallow subtidal rocky substrates, from primary producers to consumers. It is known that marine communities may be regulated by 'top-down' and/or 'bottom-up' processes (Menge 2000 , Duffy & Hay 2001 , Duffy 2002 . Top-down processes, in the simplest case, control community structure through negative direct effects of predators on herbivores that then cascade down to positively affect primary producers (Hairston et al. 1960 , Paine 1980 , Sala et al. 1998a , Pinnegar et al. 2000 . Conversely, bottom-up control is chiefly based on the concept that primary production primarily fuels marine ecosystems (White 1978) , and that its effects may then cascade up the community, affecting herbivores and their predators (Hunter & Price 1992) . The 'bottom-up control concept' has been widened to encompass not only the effects on ecosystems strictly connected with changes in primary production, but also with any other process influencing basal species and able to reverberate throughout the entire community (Menge 2000) . Might thus biomineralogy be part of a bottom-up process? In the present study, we simultaneously sampled epibenthos (which includes benthic primary producers and structural species such as many macroalgae), sea urchins (the most important herbivores in the shallow Mediterranean rocky sublittoral) and fishes (including the herbivorous species Sarpa salpa, mesocarnivorous labrids and serranids, and the most important predators of sea urchins such as the sparids Diplodus sargus and D. vulgaris; see Sala et al. 1998a ). The abundance of sea urchins (Paracentrotus lividus and Arbacia lixula), herbivorous fishes (S. salpa), and fish predators of sea urchins (e.g. D. sargus and D. vulgaris) did not differ between granite and limestone rocks. However, we did not carry out any experimental assessment of feeding rates of predators and grazers, so that we cannot draw any conclusion about the actual importance of top-down processes in controlling the structure of sublittoral rocky substrate communities (Sala & Zabala 1996 , Sala et al. 1998b ). We did obtain some correlative evidence that the mineralogical composition of rocky substrates could exert a role in bottom-up processes influencing subtidal communities, an aspect that has been neglected in previous studies. Thus, biomineralogically triggered bottom-up processes could interact with top-down and other bottomup (e.g. productivity) processes in determining the different patterns observed in benthic and fish community structures in granite and limestone rocky habitats. Although appropriate experimentation and temporal replication are obviously needed to support the above arguments, this paper provides, for the first time, correlative evidence that the mineralogical composition of rocks may be involved in shaping marine communities (from epibenthos to fishes) associated with shallow subtidal rocky substrates.
